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Abstract 
Straw mushroom, Volvariella volvacea, has been cultivated in tropical and 
subtropical areas for over centuries. This produce is nutritive and economical 
important. Recent studies have indicated its potential of medical use. However, the 
shelf-life of straw mushroom is short, normally within 3 days. Due to its high 
sensitivity to chilling environment, an extensive commercial exploitation of this 
produce is limited. 
Storage problems of straw mushroom include autolysis and browning. 
Mechanism of autolysis is still unknown while the cause of browning is believed to 
be enzymatic. 
In many agricultural produce, polyphenol oxidase (PPO) activity is a major 
factor causing browning. Therefore, PPO in the straw mushroom was studied. The 
optimal pH of straw mushroom PPO was found to be 7.4. PPO was found localized 
mainly at the pileus and the outer layer of the straw mushroom. This may explain the 
color difference between the top and bottom offruit body. 
Six PPO isoenzymes were found in the straw mushroom. The largest 
isoenzyme was about 150 kDa while the smallest was about 22 kDa. It is believed 
that the larger isoenzyme was made up of the smaller ones. 
The level of browning of straw mushroom increased drastically in the third 
day of storage. On the other hand, PPO content of straw mushroom was found to 
decrease rapidly during storage while the lipase content decreased in a less drastic 
manner. It is suggested that lipase may play an important role in the breakdown of 
cellular membrane leading to direct contact of PPO with its substrates. As a result, 
enzymatic browning of straw mushroom occurs. 
iii 
Several chemicals have been tested for their potential use as inhibitors of 
straw mushroom PPO. Ascorbic acid, kojic acid, tropolone, sodium metabisulphite 
and diethyldithio-carbamic acid were effective inhibitors of PPO while low 
concentration of sodium chloride enhanced PPO activity. However, all the PPO 
inhibitors tested failed to preserve straw mushroom in dipping experiments. 
Vacuum treatment had been tried to preserve the straw mushroom. Though 
browning was inhibited, the vacuum environment enhanced autolysis. 
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Chapterl: Literature review 
1.1 Straw mushroom, Volvariella volvacea 
During the past three decades, the global production of edible mushrooms has 
increased for more than 14-fold; from 350,000t in 1965 to about 4,909,000t in 1994. 
Besides, a considerable shift in the composition of cultivated species has occurred. 
Agaricus bisporus contributed an over 55% oftotal edible mushroom production in 
1986. In 1991, the same species contributed only a 37.2% of world production 
(Chang, 1993). The above figures revealed that mushroom cultivation should play a 
more important economic role in the foture, and the cultivation of minor species 
should deserve more attention than ever before. 
Volvariella volvacea, commonly known as straw mushroom, has its name 
derived from the substrate on which it is grown. Cultivation of straw mushroom was 
believed to have begun in China in early the 19^' century (Chang, 1977). In 1930's, 
straw mushroom cultivation began in South East Asia (Chang, 1982). As shown in 
Table 1.1, from 1986 to 1991, the production of straw mushroom increased from � 
1,780,000 ton in 1986 to 2,530,000 ton in 1991; an increase of production by 42.1%. 
Straw mushroom is the fifth most cultivated mushroom in the world and its 
production has contributed for 5.9% of the total global production of edible 
mushrooms. 
The cultivation period of straw mushroom is relatively short (8 to 10 days 
from spawning to harvesting). This mushroom can utilize different kinds of 
substrates, including paddy straw, banana leaves, sawdust, sugarcane waste and even 

























































































































































































































































































































































































































































































at 32 to 34�C and its fruiting body forms at optimum temperature of 29 to 32�C, a 
relatively high temperature (Chang et al 1989b), this mushroom is particularly 
suitable to be cultivated in tropical and subtropical areas including Hong Kong. 
Straw mushroom is highly nutritive. It contains 26% protein, 2.4% fat, 
45.30/0 N-free carbohydrate and 9.3% crude fiber (Table 1.2) (Chang et al, 1989a). 
Straw mushroom can be used for lowering blood pressure and accelerating the 
healing ofwounds. Also, it has also been shown to exhibit antitumor activity (Misaki 
et al, 1986). A lectin with molecular weight of 26 kDa from straw mushroom has 
been shown to exhibit both hemagglutinating and tumor-inhibiting activities (Lin et 
a l 1984). Recent research reported that fruit body of straw mushroom can lower the 
plasma cholesterol level in hypercholesterolemic hamsters (Cheung, 1998). 
1.2 Problems which restricted the market of straw mushroom 
Though straw mushroom is a nutritive and economic food source with 
potential medicinal value, large scale of industrial production of this produce is 
limited by two problems. 
. - - - - ‘ . • 
The first problem is that the biological efficiency (i.e. kg weight of fresh 
mushroom harvested per kg of dried substrate used) of straw mushroom production 
is low. Traditional substrate, the rice straw, can only give a biological efficiency of 
less than 10%. As in 1970's, the substrate used in straw mushroom production was 
investigated, in which cotton waste can be used as the substrate. The situation 
improved a lot and the biological efficiency reached a level of 40% (Chang, 1974). 

















































































































































































































































































































































































































































































































































































































Flammulina velutipes can give biological efficiencies from 65% to over 100% 
(Smith et al, 1988), the yield ofstraw mushroom is relatively considered to be low. 
The other problem is the post harvest storage of straw mushroom. Straw 
mushroom possesses an extremely short shelf life, normally less than 3 days. Two 
storage problems are encountered, the first problem is that straw mushroom suffers 
severe autolysis problem, which means that the fruit body liquidfies during storage; 
the second problem is the browning process which occurrs at about 3 to 4 days after 
storage. The browning problem is also the key interest of this research project. 
The mechanism ofautolysis is still unknown. It is believed to be related to the 
activities of hydrolytic enzymes including protease, lipase, chitinase and cellulase, 
etc. 
Browning is a storage problem encountered by a wide variety of produce 
which is causing severe loss ofnutrition, flavor and economic value. Fruits such as 
banana and apple, together with vegetables such as lettuce and potato, are all 
suffering from such problem. 
1.3 Non-enzymatic browning 
- - - • . - » , • • 
Browning can be categorized into two types: non-enzymatic and enzymatic 
browning. 
Non enzymatic browning can be caused by a wide variety of factors, from 
microbial infections to simple oxidation of ferric compounds. Three basic non-
enzymatic reactions that are encountered in most of the case. The first reaction is 
,,pyrolysis". As indicated by the name ("pyro" means burning in Greek), this kind of 
reaction involves the total loss of water from sugar molecules and the breaking of 
5 
carbon-carbon linkages; or simply the destruction of sugar molecules. The second 
reaction is "Caramelisation", which is similar to the case of pyrolysis. It requires heat 
to transform normal reducing sugars to anhydrous sugars, that is, sugars of no water 
in their molecules. However, as these two mechanisms need the pre-condition of 
heating, they did not seem to be involved in the browning of straw mushroom during 
storage. The third case, "Maillard reaction", is more likely to happen, since the 
occurrence of this reaction does not require a change in the physical environment. 
Three phases are involved in the Maillard browning reactions. The initial 
reaction is the condensation of an amino acid with a simple sugar, which loses a 
molecule of water to form N-substituted aldosylamine. This is unstable and 
I 
undergoes "Amadori rearrangement" to form l-amino-l-deoxy-2-ketoses 
(ketosamines), which can undergo complex subsequent dehydration, fission and 
polymerization reactions. 
In the second phase of Maillard reaction, the ketosamine products of the 
Amadori rearrangement can then react in three ways. One is simply further 
dehydration (loss of two water molecules) into reductones and dehydroreductones. 
These are essentially caramel products and in their reduced state are powerful 
antioxidants. The second one is the production of short chain hydrolytic fission 
products such as diacetyl, acetol and pyruvaldehyde, etc. These then undergo 
"Strecker degradation" with amino acids to form aldehydes and by condensation to 
form aldols. Negative aromas like 2 and 3-methyl-butanal and other aldehydes are 
also formed. The third path involves the loss of 3 water molecules, then a reaction 
with amino acids and water. These also undergo aldol condensation and polymerise 
further into true melanoids. 
6 
All products formed in the second phase react further in the third phase to 
form brown pigments and flavor active compounds collectively called "Melanoids". 
1.4 Enzymatic browning 
Enzymatic browning results from activity of polyphenol oxidase (PPO) 
(Vamos-Vigyazo, 1995)，a group of copper containing enzymes, also known as 
catechol oxidase, catecholase, o-diphenolase, phenolase and tyrosinase. 
PPO was first found in 1856 by Schoebein and is present in some bacteria, 
fimgi, some arthropods and all mammals. It is suggested that PPO does not play a 
vital role in general metabolism. However, PPOs are found in most ofhigher plants 
including wheat, tea, potato, cucumber, artichoke, lettuce, pear，papaya, grape, 
peach, mango and apple; as well as in seeds such as cocoa. 
In plants, histochemical techniques revealed that PPO was located in 
chloroplast. The PPO gene is encoded in the nucleus and translation is done into 
cytoplasm; the pro-enzyme formed is then transported into the chloroplast where it is 
cleaved by protease, producing the active form. 
- - - - - 一 • . • • 
Molecular weights predicted for mature PPOs from cDNA sequences are 58 
and 63 kDa for mouse and human respectively. In plants, predicted molecular 
weights of PPO ranged from 57 to 62 kDa. Agaricus hisporus PPO is generally 
considered to be consisted of 4 subunits, with a total molecular weight of 128 kDa. 
Under some conditions, mushroom PPO can be existed from monomeric to 
octameric form (Victoria-Martinez and Whitaker, 1995). Molecular weight o f P P O 
fem different sources can vary, from 33 to > 200 kDa (Sherman et al, 1991). 
7 
PPOs from different species can also vary greatly in their amino acid 
sequence, though two regions in the active sites of different PPO are highly 
homologous (Lerch, 1995). They are named as region A and region B. Region A 
contains 26 amino acid residues and 6 of them are strictly conserved among PPO 
coming from 10 different species including plants and animals. Two histidine 
residues presumed in active sites are also strictly conserved. The amino acid 
sequences ofregion B range from 41 to 62 residues in length. The 3 histidines in the 
active site which are ligands of copper are highly conserved. This means that PPOs 
from different species are homologous in their active sites. It was also proved that 
PPO contains 2 copper atoms in their active sites which determine the redox status of 
PPO in reaction (Victoria-Martinez et al, 1995). 
As there exists 2 copper atoms in the active site ofPPO, there are 3 different 
redox states of PPO active site based on the bonding between the copper atoms 
located within. The 3 states are: met form, deoxy and oxy form. 
Met PPO will change to deoxy form after binding with 2 electrons, then the 
deoxy form can bind oxygen reversibly to form oxy form ofPPO. Also, met PPO can 
change to ox>^form by treating with oxidizing agents (Figure 1.1). 
- - - — » . - • 
The reaction mechanism of PPO is composed of 2 pathways: the 
hydroxylation pathway exhibiting cresolase activity and the oxidation pathway 
exhibiting catecholase activity (Figure 1.2). 
The cresolase activity is firstly done by an axial co-ordination of a 
monophenol to one copper of binuclear active site of met PPO and leads to the 
formation of a complex. Then, reorganization of the complex by intra molecular 
transfer can yield an o-quinone plus a water molecule and subsequently tums PPO to 
8 
Figure 1.1: Interaction ofthe three functional states of tyrosinase 
(Lerch 1995). 
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deoxy form. The deoxy form PPO, i fb ind with an oxygen molecule, can be converted 
back to oxy form and complete the cresolase cycle. 
The catecholase activity involves oxidation of two o-diphenol molecules to 
two o-quinone molecules with a four electron reduction of molecular oxygen giving 
two molecules ofwater. After the production of the second o-quinone from met form 
of PPO, deoxy form of PPO will be generated and, similar to the case of cresolase 
cycle, that deoxy form PPO needs the binding of oxygen to get back to oxy form for 
completion of catecholase cycle. 
All PPO discovered so far exhibits the catecholase ability, i.e. they can 
convert o-diphenols to o-benzoquinones, using oxygen as the second substrate 
though not all PPOs can hydroxylate monophenols. PPO exhibits cresolase activity if 
the substrate used is monophenols while if the substrate is o-diphenol, PPO exhibit 
catecholase activity. 
Besides monophenols and o-diphenols, two other types of PPO substrates 
were found. They are aromatic amines and o-aminophenols, which are structural 
analogues of monophenols and o-diphenols respectively. They were found to 
undergo the same catalytic reactions (ortho hydroxylation and oxidation). Jn the 
- - - . . - , . . . 
presence of PPO, arylamines are converted to o-aminophenols (hydroxylation) and 
subsequently oxidised to o-quinoamines. 
Though the reactions involved PPO give products of colorless o-quinones 
only, such o-quinone will polymerise to give brown melanin which cause browning. 
Using a specific case as an example (Wichers and Leeuwen, 1996), PPO 
substrates in Agaricus bisporus are monohydroxyphenolic compounds: L-tyrosine, p-
amino phenol and its condensation product with glutamate, 丫-glutamylhydroxy 
benzene, which are all originating from the shikimic acid pathway. Enzymatic 
11 
product 丫-glutamylbenzoquinone is then non-enzymatically cleaved to yield 2-
hydroxy-4-iminoquinone, which will eventually polymerize into melanin and give 
rise to browning in button mushroom. 
1.5 Impact of browning 
Browning can lead to great impact on the economic value of produce. People 
regard freshness, cleanliness, whiteness, shelf-life and price as the most important 
factors in consumption of produce, including mushroom. Brown outlook certainly 
gives image to customer that the food is no longer fresh. Thus the market is limited 
to this food which is easily brown. 
Besides lowering the economic value, researches have revealed that browning 
also lowers the nutritional value of produce. Proteins will react with o-quinones 
generated by PPO catalysed reactions (Matheis and Whitaker, 1983), o-quinones can 
react with amino, sulfhydryl, thioether, phenolic, indole and imidazole groups of 
proteins. Such reactions can eventually lead to protein cross-linking. In the absence 
of low molecular weight compounds, that means when substrate is lacking, tyrosol 
groups of proteins can even serve as substrate of PPO, which again, cause protein 
cross-linkage. 
Although the activity of the products of PPO reaction on protein are not 
identified, it is believed that the tyrosine residues in proteins are hydroxylated to 3,4-
dihydroxyphenylalanine (DOPA) and further oxidised to corresponding o-quinone. 
The o-quinones, in the situation of browning reaction, condense with each other and 
react with the protein amino and sulfhydryl groups (may be by oxidation) which 
leads to cross-links. Such cross-likages will aggregate the proteins together. 
12 
Conclusively, PPO will generate o-quinones, which may react with protein-
bound-sulfur-containing amino acids, lysine, histidine and tryptophan. Since some of 
these essential amino acids are often the most limiting in plants, a destruction of only 
a small fraction of them may markedly lower the nutritive value of the produce. 
Also, aggregation of proteins can reduce the susceptibility of them to enzymatic 
hydrolysis during digestion. 
1.6 Mechanism of inhibition of PPO 
Since the enzymatic activity of PPO can reduce the economic and nutritional 
I 
value ofproduce, for many years, people had tried to seek the browning inhibitors to 
prolong shelf life of the produce. According to the inhibition mechanisms, these 
inhibitors can be classified into 3 types. 
The first mechanism is the inhibition ofPPO by changing its protein property 
such as conformation. The second mechanism is the elimination ofPPO substrates or 
any substances which contribute to PPO activity, such as oxygen, copper and 
i 
phenolic compounds. The last mechanism is that some inhibitors can demonstrate I 
both first and second mechanism. 
Recently, there existed more and more inhibitors belonging exclusively to 
one of the three categories mentioned above. In general, any chemicals or practices, 
no matter post-harvest practices or pre-harvest practices, could be considered when 
trying to stop enzymatic browning. 
1.7 Sulfites 
13 
Among the browning inhibitory chemicals used in the past, sulfite is 
extensively (or even abusively) used to preserve food since it can prevent both 
enzymatic and non-enzymatic browning (Lambrecht, 1995). It can reversibly inhibit 
PPO by modifing its protein structure and can also interact with the intermediates of 
browning reactions which prevent the formation ofbrown pigments (melanin). It was 
reported that quinone-sulfite complex will be formed if sulfite was applied. It was 
also proved effective against microbial infection. Furthermore, since sulfite is a 
reducing agent, it can convert o-quinones back to o-diphenols and thus prohibit the 
occurrence browning. In some cases, sulfites can even bleach the brown produce 
back to a white and clean color. Classes of sulfites commonly used are: sulflir 
dioxide (SO2), sulfites {SO3 '^), bisulfites (HSCV) and metabisulfites (SiOs^")-
Despite its effective inhibitory function, it has been reported that sulfites can 
cause allergic effect to people. Some steroid-dependent asthmatic people have died 
due to the consumption of sulfite treated food. Since 1990, sulfite was banned to use 
in many places for safety reasons. At the same time, handling sulfite is very 
dangerous. Several fishermen have died due to mishandle of sulfite when trying to 
keep their fish fresh. Recent work has concentrated on finding something to replace ： 
this powerful but dangerous browning inhibitor. 
1.8 Classification of PPO inhibitors based on chemical property 
Vamos-Vigyazo (1995) has reviewed some browning inhibitors developed 
recently, they are as the followings: 
14 
Reducing agents, such as ascorbic acid, compete oxygen with PPO and also 
reduce o-quinones backto corresponding o-diphenols. It can impose direct effect to 
PPO (Wakayama, 1994). 
Aromatic compounds, such as aromatic carboxylic acids and substituted 
phenols, have long been used as inhibitors o fPPO. They are used mainly for kinetic 
studies of inhibition, also partly for the use in browning inhibition. They can lower 
the pH e n v i r o ^ e n t to 3，which is too acidic for PPO to work. Aromatic acids of 
benzoic and cinnamic series can have, respectively irreversible and more often 
reversible inhibitory effect on PPO. The inhibition can be uncompetitive, 
noncompetitive or mixed. The inhibition ability ofaromatic compounds will depend 
on both the application method and the inhibitor used (Keraiasha et al, 1993). 
4-Hexylresorcinol (4HR) is the most representative one in aromatic inhibitors. 
It was first reported to inhibit browning in shrimps and most effective in inhibiting 
mushroom PPO. Only 1/5 concentration of 4HR is needed to give the same result if 
using sulfite and only 0.1 mM 4HR can reduce the mushroom PPO activity by 90% 
(Dawley et al, 1993), it was reported that even if a simple but normally ineffective 
dip method applying 4HR can prevent browning of the whole mushroom 
Tropolone ( 2 - h y d r o x y-2,4 , 6 - c y c l o h e p t a t r i e n - l - o n e ) , an aromatic compound, is 
also a PPO inhibitor O^alero et al, 1991). It is a copper chelator slowly binds to the 
oxy form of PPO. Since there exists 2 copper atoms at the active site of PPO，this 
copper chelator can alter the PPO active site thus inhibiting browning. 
Kojic acid [ 5 - h y d r o x y-2 - ( h y d r o x y m e t h y l)-Y - p y r o n e ] , again, an aromatic 
compound, is an effective PPO inhibitor in a wide variety of food sources (Chen et 
al, 1991). It interacts with o-quinone formation from o-diphenols by decreasing 
oxygen uptake of PPO. It inhibits also monophenolase activity of PPO mentioned 
15 
above. Kojic acid inhibits catecholase activity of PPO (Cabanes et al, 1994) by 
binding to the copper o f t h e PPO active site (Kahn, 1995). The inhibition can be 
reversed by dialysis which indicates that kojic acid does not irreversibly damage the 
enzyme. However, this acid has an ability to tum brown pigments into yellow (Kahn 
et al, 1995)，thus this inhibitor cannot be used to presence food which is not 
originally yellow. 
Glycosidated substrates are powerful in inhibiting mushroom PPO by 
transformation o fPPO substrates through glycosidation. One example of th is class is 
(+)-catechin (Richard et al 1992). 
Proteolytic enzymes are also PPO inhibitors, since it can attack the PPO 
protein. Until recently, three proteolytic enzymes are found effective in inhibiting 
PPO, especially in kiwi fruit. They are: ficin from figs, papain from papaya and 
bromelain from pineapple, which are sufhydryl enzymes of broad specificity 
(Vamos-Vigyazo, 1995). 
Carbohydrates can also be a kind o f P P O inhibitors. Carrageenans, a group of 
naturally occurred sulfated polysaccharides, can inhibit browning of apple juice and 
sliced apples. Effect will be synergistically improved if applied with citric acid 
- • - • - - , • - . 
(Vamos-Vigyazo, 1995). 
Peptides in honey can also inhibit PPO. It was found that the PPO inhibition by 
honey is a non-competitive one when using (-)-epicatechin as substrate and inhibition 
will be even more effective if samples were pre-incubated by honey. It was found 
that a peptide of MW 600Da gives the inhibitory effect on PPO and it can retain 
polyphenols concentration in grapejuice (Oszmianski and Lee, 1991). 
Hypochlorite can inhibit PPO of mushroom (Sapers et cd, 1994). Low 
concentration ofsodium or calcium hypochlorite (down to 17.5 ppm) was reported to 
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be effective in inhibiting browning of apples, green beans and potatoes. However, it 
does not seem to be safe to use such inhibitor in the field application. 
There exists a lot more inhibitors than above mentioned. For example, sodium 
chloride can inhibit PPO and amylase activities of bean seeds (Kocacaliskan and 
Kabar, 1991). Some chemicals exhibit no inhibitory effects to PPO can enhance 
effect o fPPO inhibitors. There also exists many inhibitors which are discovered only 
by trial-and-error methods and their inhibitory mechanism is still unknown (Vamos-
Vigyazo, 1995), e.g. pineapple juice is effective in preserving apple rings (which 
may be due to the proteolytic enzymes present in pineapple). 
1.9 Classification of PPO inhibitors based on inhibitory mechanism 
The classification ofbrowning inhibitors mentioned in section 1.8 based only 
on their chemical properties, when classified by their inhibitory mechanisms, 3 
classes can be generated: 
The first class consists of the quinone couplers. They can eliminate the 
products ofPPO, e.g. diethyldithio-carbamic acid (Ngalani et al, 1993), glutathione 
and benzesulphinic acid. 
The second class consists of the reducing agents. They can hinder PPO from 
uptaking oxygen and enhance PPO to stay in deoxy form and makes the cresolase 
and catecholase cycle incomplete, thus malfunctioned the enzyme. They can even 
convert the o-benzoquinone back to o-dihydroxyphenol by their reducing power. 
Examples ofthis class are ascorbic acid and D-erythorbic acid. Sulfite also belongs 
to this class. Incubation ofmushroom PPO with ascorbate can reduce its activity, and 
a release of copper from the enzyme was found with some loss of histidine and 
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methionine residues, and a increase of aspartic acid, glutamic acid, alanine and 
glysinme residues (Osuga and Whitaker, 1995). If PPO was incubated with sodium 
bisulfite or thiol compounds, enzymatic activity will decrease with the release of 
copper. Thus, such reducing agents have the ability to irreversibly damage the PPO 
and permanently stop browning. 
The third class consists of the copper chelating agents, they chelate the copper 
atoms in PPO active site thus inhibit PPO activity. They can also decrease the copper 
content available for PPO synthesis. However, such inhibitorsjust usually slow down 
the PPO activity instead of totally inhibit it. Examples are citric acid, sodium 
metabisulphite, EDTA (Almedia and Nogueira, 1995), and carbon monoxide. 
A particular kind of inhibitor can be classified into more than one class of 
above. Inhibitors like diethyl-dithiocarbanunic acid, sodium metabisulphite and 
ascorbic acid are both copper chelators and reducing agents fNgalani, 1993). 
1.10 Physical methods for prolonging shelf-life 
Browning can occur at any stage between the acquisition of raw materials until 
• - - - - ‘ . - • 
the eventual consumption of a food product. Various degrees of control aimed to 
prolong shelf-life, including efforts aimed to control browning, are imposed. As 
mentioned above, there are many chemicals found which has demonstrated inhibitory 
effect on PPO of different food sources. Besides using chemicals, there are other 
ways to prolong shelf-life by means of physical measures. 
Most physical methods used to prolong shelf-life are also applicable in the 
control of browning. Methods used nowadays are chilling, freezing, drying, vacuum 
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packaging, modified atmospheric packing and adding preservatives. There are other 
used which inactivate microbial activities, such as sterilization and irradiation. 
However, only few techniques are applicable in the case of straw mushroom. 
An example is that straw mushrooms are sensitive to low temperature, chilling and 
freezing. 
As people are more aware of the possible health problem associated with from 
the food preservatives, their use will be limited in the future. The drying or canning 
technique are now widely used to preserve the straw mushroom. Nonetheless, dried 
or canned straw mushrooms are comparatively less valuable. 
Modified atmospheric packing are done by altering atmospheric conditions 
inside the package of food. Usually oxygen level is lowered to avoid the occurrence 
of enzymatic browning, and reduce the chance of suffering microbial attack. CO2 is 
commonly used to substitute oxygen in the field of modified atmospheric packing. It 
is now applied in preserving fmits. 
Ozone has been considered as an oxygen substitute (Sarig et al, 1996). It is 
almost as effective as SO2 in preserving berries. It can also induce resistance to post-
harvest decay. However, the application of ozone may give rise to toxic substances. 
--• • 一 ‘ •'• 
Thus an extensive application of ozone is still impossible. 
Nitrogen was also used in modified atmospheric packaging. Maize grains 
packed with carbon dioxide, nitrogen and oxygen combination can have their shelf-
life prolonged and postponed the problem of moulding (Janardhana et al, 1996). 
The performance of modified atmosphere packaging varied. Some samples are 
more sensitive to the storing temperature than to the atmosphere of storage condition 
(Sheridan etal’ 1997). 
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Vacuum packaging is widely used in preserving foods, especially in the 
preservation of meat. Usually, vacuum packaging is simultaneously done with other 
treatments such as gamma ray irradiation (Amin and Yusoff, 1997). 
1.11 Significance of this research 
Since global mushroom production is increasing and the minor species plays 
a more important role in this field, the production of straw mushroom should be more 
profitable in the future, especially in the tropical and subtropical areas, such as Hong 
Kong. However, the low biological efficiency in terms of production and the 
problem of short shelf-life in terms of preservation, plus the fact that it cannot be 
chilled during storage (since chilling just enhance the rate of deterioration of straw 
mushroom, a situation similar to that of banana (Cano et al, 1997)), limit its large 
scale production and consumption. With respect to the unavoidable low biological 
efficiency of straw mushroom and in order to maintain a high profit, more efforts 
should be paid to prolong the shelf-life of straw mushroom. 
Since non-enzymatic browning usually requires heat to promote the reaction, 
and is usually occurring in foods of high sugar content, the browning problem in 
straw mushroom seems more likely to be enzymatic, that is why PPOs present in 
straw mushroom should be studied. 
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Chapter2: Characterization of PPO in straw mushroom 
2.1 Introduction 
Since it is suspected that PPO content is related to browning level of produce 
(Vamos-Vigyazo, 1995), PPO content in straw mushroom may be more meaningflil 
if such data were compared with those from other food sources. That means, if the 
PPO content of straw mushroom is higher than that of others, then enzymatic 
browning in straw mushroom can be considered more damaging than that happened 
in the compared food sources. So, together with straw mushroom, pear and potato 
were also used as samples in experiments when finding PPO content in straw 
muhsroom. 
Also, besides ofthe PPO content in straw mushroom, optimal pH and enzyme 
kinetics of PPO in straw mushroom should also be determined in order to 
characterize this enzyme. 
Furthermore, as it can be observed that, the upper half of straw mushroom 
fruit body is usually darker than the lower half, it is reasonable to believe that PPOs 
- - - — ‘ . ' • 
are not evenly distributed throughout the fruit body. Once the distribution ofPPOs in 
straw mushroom was found, it would be a great help in determining the most 
economic way to introduce PPO inhibitors (so as to prevent browning) once such 
inhibitors were found. 
Finally, as the definition of PPO in this research project is based on the 
function of enzymes, any proteins showing cresolase and, especially, catecholase 
activity will be regarded as polyphenol oxidase. Thus there exists a possibility for the 
straw mushroom to possess more than one kind of PPO. That's why experiments 
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were done to find out the presence, number and characteristics o fPPO isoenzymes in 
straw mushroom. 
2.2 Materials and methods 
2.2.1 PPO content in straw mushroom compared to pear and potato 
Fresh straw mushroom {Volvariella volvacea), potato {Solanum tuberosum) 
and pear {Pyrus spp.) were bought from the local market. The skins of potato and 
pear were peeled. The compost remained on straw mushroom was cleaned before 
use. 
PPO extraction method used by others was modified and used in this research 
(Lee-Kim et al, 1995). Samples of 100g each were homogenized for 2-3 minutes 
with 200 ml of extraction buffer (500 mM potassium phosphate buffer, pH 6.0). The 
homogenate was filtered by 2 layers of cheese cloth. The filtrate was centrifuged at 
4�C, 12,000 rpm (Beckman J2-MI centriflige, JA-20 rotor) for 20 min. The 
supernatant was designated as "Crude extract". While keeping an aliquot in freezer, 
the remaining was used to perform an 80% ammonium sulphate precipitation. The 
precipitated solution was then centrifuged under same conditions as above and the 
pellet was resuspended in 500mM phosphate buffer (pH6.2). The resulting solution 
was dialysed with membrane (Sigma: D-0405) against 4L of 100 mM phosphate 
buffer with 2 changes ofbuffer for 12h. The dialysed solution was then centrifoged 
under same conditions of above and the supernatant was designated as "Ammonium 
sulphate fraction" and kept in freezer. 
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Before the assay ofPPO in different food sources, their optimal pH should be 
investigated first so as "to provide an optimal environment for their activities. 
Acetate buffer (500mM) of pH 4 and pH 5 were prepared by mixing acetic 
acid with sodium acetate, in 4:1 and 1:2.2 volume ratio respectively. 
Phosphate buffer (500mM) of pH 6 and pH 7 were prepared by mixing di-
potassium hydrogen phosphate with potassium dihydrogen phosphate, in 1:3.3 and 
2.1:1 volume ratio respectively. 
Tris buffer, pH 8 and pH 9, were prepared by mixing Tris (hydroxymethyl) 
aminomethane with Tris hydrochloric acid, in 1:1.1 and 13.5:1 volume ratio 
respectively. 
Reaction mixture contained 0.2ml of the enzyme solution (the "Ammonium 
sulphate fraction" from straw mushroom, pear and potato), 1ml of the substrate (1.67 
mM catechol, Sigma: C-9510), and 1ml of various buffers. The enzymatic activities 
of PPO under different pH were determined colourimetrically by monitoring the rate 
of change of absorbance at 420 nm (Milton Roy Spectronic 601 spectrophotometer) 
(Tono et al, 1995). Then, under the optimal pH environment, PPO content of "Crude 
Extract" and "Ammonium sulphate fraction" from all samples were determined using 
the same assay method. 
Protein contents of straw mushroom, pear and potato were examined by using 
bicinchoninic acid protein assay kit (Sigma: BCA-1). The principle of this protein 
assessment method is that, when protein was placed in alkaline system containing 
Cu(II) ions, Cu(II) will be reduced to Cu(I) which can form a purple complex with 
BCA. By measuring A562nm, protein content of sample thus then becomes 
measurable. 
23 
2.2.2 Optimal pH, enzyme kinetics and localisation of PPO in straw mushroom 
Sample of straw mushroom was prepared as described in section 2.2.1. PPO 
extraction method was modified from that of section 2.2.1. The modification was that 
0.5 mM of phenylmethylsulfonyl fluoride (PMSF), a protease inhibitor, was added to 
extraction buffer during homogenization of straw mushroom since enzyme extracts 
yielded from this extraction would be stored and used for a long period. 
Though optimal pH of straw mushroom PPO has been investigated in 
experiments of section. 2.2.1, investigation of a more accurate optimum pH is 
necessary so as to provide an optimal pH environment for the many ftiture 
experiments. 
Phosphate buffers o f p H 6.0, pH 6.2, pH 6.4, pH 6.6, pH 6.8, pH 7.0，pH 7.2, 
pH 7.4, pH 7.6, pH 7.8 and pH 8.0 were prepared. Reaction mixture was prepared by 
mixing 0.2 ml PPO extract (the "Ammonium sulphate fraction"), 1 ml substrate 
(L67mM catechol, Sigma: C-9510) and 1 ml phosphate buffer. The enzymatic 
activities o fPPO under different pH environment were determined colourimetrically 
by monitoring the rate ofchange of absorbance at 420nm (Tono et al, 1995). 
• -- • - ‘ . - • 
To determine Michaelis constant (Km) of PPO in straw mushroom using 
catechol as substrate, reaction mixture was prepared by mixingl ml phosphate buffer, 
0.2 ml 80% ammonium sulphate fraction and 1 ml substrate solution of different 
concentrations (0.07 mM, 0.17 mM, 0.33 mM, 0.67 mM, 1.00 mM and 1.67 mM). 
Assay of PPO activity was done and Lineweaver-Burk plot was used to determine 
the Michaelis constant. 
To find the localization ofPPO in straw mushroom, tissue printing technique 
was used. Fresh straw mushrooms were bought from local market. Two bud stage 
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fruit bodies were selected in this experiment. One of them was cut longitudinally 
while the other one was cut transversely. 
The mushroom halves were placed onto nitrocellulose membranes (Sigma: N-
8017) with the cut surface facing the membranes for 15 min, mushroom halves were 
removed and the membranes were wet by substrate solution (catechol, 1.67mM and 
phosphate buffer, pH 7.4, 100 mM) until brown color was observed. Photographs 
were taken as record. 
2.2.3 PPO isoenzymes in straw mushroom 
Sample preparation and PPO extraction methods were the same as described 
in section 2.2.2. Extraction buffer used was 500 mM phosphate buffer o f p H 7.4 with 
0.5 mM PMSF. 
Gel filtration chromatography was done to primarily purify PPO from 
ammonium sulphate fraction. Sephacryl S200 (180 cm^) was packed into a XK 
16/100 column (Pharmacia Biotech: 16 mm I.D. x 100 cm) and equilibrated with 
phosphate buffer (100 mM, pH 7.4). Void volume (Vo) was determined by 
calibration with Blue Dextran (1.5 mg / ml). Further calibration of column was done 
by applying a mixture of the following markers: (1) chymotrypsinogen A, 25 kDa, 
2.5 mg; (2) brovine serum albumin, 67 kDa, 3 mg; (3) aldolase, 158 kDa, 1 mg and 
(4) thyroglobulin, 669 kDa, 2 mg (Pharmacia 17-0442-01 and 17-0441-01). 
Two ml of "Ammonium sulphate fraction" obtained from section 2.2.2 was 
applied to the column. After sample application, the column was eluted with 
phosphate buffer (220 ml, 100 mM, pH 7.4) at a flow rate of 0.5ml / min. Fractions 
were collected at 4 mV tube. The collected fractions were then tested for their 
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absorbance at 280nm using a spectrophotometer. The PPO activity was also tested 
using the method described in section 2.2.1. The &actions of maximum PPO 
activities were pooled and kept at -20°C. 
To perform polyacrylamide gel electrophoresis (PAGE), the pooled fractions 
obtained from gel filtration chromatography were then concentrated by 
microfiltration using filters (Sigma: M-1661) prior to gel electrophoresis analysis. 
Native PAGE was performed by modified method of Laemmli, 1970 without 
the addition of sodium dodecyl sulphate (SDS). Slab gel included an upper stacking 
gel of about 40m and a lower separating gel of about 120mm. The separating gel 
containing 0.375M Tris (pH 8.8) and 12%T acrylamide, was set by 0.6 ml of 10% 
freshly prepared APS and 0.1ml TEMED. Stacking gel containing 0.125 M Tris (pH 
6.8) and 4%T acrylamide, was set by 0.4 ml o f lO% freshly prepared APS and 0.1 ml 
TEMED. Electrode buffer contained 0.025 M Tris and 0.192 M glycine (BioRad: 
1610718) with final pH 8.3. The slab gel dimension was 1mm X 160mm X 160mm. 
Sodium dodecyl sulphate (SDS) slab gel was prepared, following method of 
Llaemmli, 1970; by 12%T separating gel with 4%T stacking gel. Separating gel 
containing 0.375M Tris (j)U 8.8), 12%T acrylamide, 3.5 mM SDS, was set by 0.6 ml 
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of 10% freshly prepared APS and 0.1ml TEMED. Stacking gel containing 0.125M 
Tris (pH 6.8), 4%T acrylamide, 3.5 mM SDS, was set by 0.4 ml 10% freshly 
prepared APS and 0.1 ml TEMED. Electrode buffer contained 0.025M Tris, 0.192M 
glycine (BioRad: 1610718) and 3.4 mM SDS (BioRad: 1610302) with final pH 8.3. 
The slab gel dimension was 1mm X 160mm X 160mm. 
Isoelectric focusing (IEF) gel was performed by following procedures of 
OTarell, 1975. Stock Acrylamide / Bis ( " B ) solution, contained 29.2% acrylamide 
(BioRad: 1610103) and 0.8% Bis 0^,N'-methytlene-bis-acrylamide) (BioRad: 
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1610201), was stored in 4°C. Polyacrylamide gels are described by reference to two 
characteristics. Firstly, the total monomer concentration (%T) was calculated by (g 
acrylamide + g bis-acrylamide) / total volume x 100. Secondly, the crosslinking 
monomer concentration (%C) was calculated by g bis-acrylamide / (g acrylamide + g 
bis-acrylamide) x 100. The stock solution prepared was 30%T and 2.67%C. Tube gel 
contained 0.874g urea, 0.038g 3-[(3-Cholamidopropyl)-dimethylanunonomio]-l-
propane sulfonate (CHAPS) (Sigma: C3003), 0.5ml A/B solution, 1 ml distilled 
water, 0.25 ml ampholine OpH 5-7) (Sigma: A5674) and 0.25ml ampholine (pH 3-10) 
(BioRad: 1631113) was solidified by adding 10 pl freshly prepared 10% ammonium 
persulphate (APS) and 10 pl TEMED. Tubes were set for 2 h before sample 
application. The upper (anodic) buffer was 200 mM NaOH while lOmM H3PO4 was 
used as lower (cathodic) buffer. Electrophoretic system (BioRad: Model 175 tube 
cell #165_1980) was set up. The dimension of the tube gel was 2mm x 120mm long. 
The gel was mn at 1500V (Hoefer: DC Power Supply # PS3OOC0 for 20h. The final 
pI gradient was detemined by the 2-D SDS-PAGE Standards (BioRad: 161-0320), 
including: (1) hen egg white conalbumin (pI 6.0，6.3, 6.6, MW 76K); (2) bovine 
serum albumin (pl 5.4, 5.5，5.6, MW 66K); (3) bovine muscle actin (pI 5.0, 5.1, 
MW43K); (4) rabbit muscle GAPDH (pI 8.3, 8.5, MW 36K); (5) bovine carbonic 
anhydrase (pI 5.9, 6.0, MW 31K); (6) soyabean trypsin inhibitor (pI 4.5, MW 21.5K) 
and (7) euine myoglobin (pI 7.0, MW 17.5K). 
When performing the two-dimensional IEF-SDS PAGE, the IEF tube gel was 
transferred to the top o f the slab gel with a transfer buffer containing 12.5 mM Tris 
(pH 6.8)，5% SDS and 0.0125% bromophenol blue solution. Agarose overlay with 
10/0 agarose and 0.125M Tris (pH 6.8) was warmed, spread on the top and was 
allowed to set and fixed the tube gel to the slab gel. 
2 7 
When performing the two-dimensional native-SDS PAGE, the stained band 
or the whole lane from the native gel was used and was treated as the tube gel as in 
the first dimensional IEF gel. Other procedures were the same as the first 
dimensional gel. 
For both native and SDS PAGE, electrophoretic system (BioRad: Protean II 
xi 20 cm cell # 165-181¾ was set. The gel was run (Hoefer: DC Power Supply # 
PS500XT) at 16 mA / gel for 2 h followed by 24 mA / gel for 4 h. The sample in the 
second dimension was run together with the markers (Sigma: M4038), which 
included: (1) myosin rabbit muscle, 205K; (2) G>-galactosidase, E. coli, 116K; (3) 
phosphorylase b, rabbit muscle, 97K; (4) fructose-6-phosphate kinase, rabbit muscle, 
84K; (5) albumin, bovine serum, 66K; (6) glutamic dehydrogenase, brovine liver, 
55K; (7) ovalbumin, chicken egg, 45K; (8) glyceraldehyde-3-phosphate 
dehydrogenase, rabbit muscle, 36K; (9) carbonic anhydrase, bovine erythrocytes, 
29K; (10) trypsinogen, bovine pancreas, 24K; (11) trypsin inhibitor, soybean, 20K; 
(12) 0(-lactalbumin, bovine milk, 14.2K and (13) aprotinin, bovine lung, 6.5K. 
Activity staining of gels was performed by putting a native gel upon a filter 
paper presoaked with phosphate buffer (500 mM, pH 7.4) and substrate (catechol, 
lOmM). Photographs were taken when there were brown bands appeared on the gel. 
Silver staining was performed according to the procedure of Heukeshoven 
and Dercink (1985). After the gel was fixed with fixer (30% ethanol and 10% acetic 
acid) for 3 times, 1 h each, and rinsed with distilled water for 3 times, 10 min each, it 
was then submerged in 0.1% silver nitrate for 30 min. After which, it was developed 
with the developer (1.5% sodium carbonate and 0.02% formaldehyde, freshly 
prepared) until spots were seen. It was then stopped with 1% acetic acid for 5 min. 
After rinsing with distilled water for 10 min for 3 times, it was destained with the 
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destain solution (0.2% potassium ferricyanide and 1.8% sodium thiosulphate, freshly 
prepared). Gel was dried after 3 rinses of distilled water, 10 min each and several 
rinses ofdrying solution (40% methanol and 10% acetic acid). 
Coomassie Blue staining was performed by putting the gel into staining 
solution (0.1% Coomassie Brilliant Blue R 250, 40% methanol and 10% acetic acid) 
for 30 min. The gel was dried after destained by destain solution (40% ethanol and 
10% acetic acid). 
2.3 Results 
2.3.1 PPO content in straw mushroom compared to pear and potato 
The optimal pH of PPO in straw mushroom, pear and potato were presented 
in Figure 2.1. It was found that all enzymes worked better as the pH tended to 
become neutral and their optimum were reaching pH 7. A sudden decrease of activity 
was followed when the acidity reached pH 8. Finally, activity of all three PPO 
showed a slight increase at pH 9. 
PPO contents of straw mushroom, pear and potato were listed in Table 2.1. It 
was found that total PPO content in straw mushroom was higher than that ofpear but 
lower than that ofpotato. Besides, the same trend also observed in terms of specific 
activity when "Crude Extract" was used for comparison. 



























































































































































































































































































































































































































































































































































































































































































































































































































































In section 2.2.1, the optimum pH for PPO in straw mushroom was found to 
be pH 7，further investigation showed that, as shown in Figure 2.2, the optimal pH 
for straw mushroom was actually pH 7.4. 
From Figure 2.3, it was revealed that PPO in straw mushroom could reach a 
maximum velocity of 0.017 unit under our specific reaction conditions. The 
Michaelis constant ofstraw mushroom PPO using catechol as substrate was found to 
be0.173 mM. 
Figure 2.4 showed the result of tissue of the transverse section of straw 
mushroom fruit body. PPO was found to be located mainly on the outer region ofthe 
fmit body. 
Figure 2.5 showed the result of tissue printing of the longitudinal section of 
the straw mushroom fruit body. PPO was found to be located mainly at the pileus. 
2.3.3 PPO isoenzymes in straw mushroom 
Result of gel filtration chromatography was shown in Figure 2.6, Vo of the 
column was 80 ml, elution volume (Ve) of chymotrypsinogen A, brovine serum 
albumin, aldolase and thyroglobulin were 120 ml, 100 ml, 88 ml and 80 ml 
respectively. 
There were two peaks of PPO activity, the first peak demonstrated a higher 
activity of PPO, followed by a second peak with lower activity. The PPO activity 
gradually declined after the elution of the second activity peak. The first peak was 
eluted at 96 ml and the second peak was eluted at 124 ml. 
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pH 
* One enzyme unit is defined as the change of one absorbance unit at 420nm per 
minute at 2S0C. 
Data of replicated trials of same batch of sample. 
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* One enzyme unit is defined as the change of one absorbance unit at 420nm per 
minute at 25°C. 
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To collect the first PPO activity peak, the fraction containing the peak, 
together with the fractions just before and after that fraction were collected and 
pooled. Thus there were 3 fractions, a total of 12 ml of effluents were pooled and 
designated as "Peak 1". To collect the second PPO activity peak, only the fraction 
containing that second peak was collected and was designated as "Peak 2". 
"Crude Extracts" and "Ammonium sulphate fraction", as well as the pooled 
and concentrated fractions of "Peak 1" and "Peak 2" were analyzed by the gel 
electrophoresis. 
Figure 2.7 showed the activity stained gel of "Crude Extract". This gel gave 4 
brown bands with 2 of the bands located in the lower portion of the gel while 2 bands 
located closely together in the middle. 
Figure 2.8 showed the activity stained gel of "Ammonium sulphate fraction". 
The 2 bands at the lower portion of gel which appeared on the gel of 'Crude Extract" 
were missing. At the middle, exactly at the same place of the 2 closely located bands 
appeared on the gel of "Crude Extract", 3 brown color bands were observed instead 
of2 . 
Figure 2.9 showed the activity stained gel of "Peak 1. No band could be 
observed at the lower portion of the gel. Also, in the middle of the gel, where 2 or 3 
bands were expected, there existed only one diffused band but not individual bands. 
Furthermore, at the top of gel, there existed one sharp band. 
Figure 2.10 showed the activity stained gel of "Peak 2. No band could be 
observed throughout the gel, only a very pale brown area occurred in the middle of 
the gel. 
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Figure 2.7: Native PAGE of "Crude Extract" followed by activity 
staining.  
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Arrows indicate the location ofbrown bands. The lane at the left was loaded with 
100ul "Ammonium sulfate fraction", 50ul at the middle, 20ul at the right. 
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Figure 2.8: Native PAGE of "Ammonium sulphate fraction" 
followed by activity staining. 
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Figure 2.7: Native PAGE of "Crude Extract" followed by activity 
staining.  
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Figure 2 . 7 : Native PAGE of "Crude Extract" followed by activity 
staining.  
p ^ " , ， 〜 , , ‘ 、 ， ’ ， > 卿 〒 T ^ | 
i ^ ^ M 
i i ! ^ ^ ^ ^ ^ ^ ^ ^ M 
_:a«®fe*fi*awi^s^^tertp^p4tt^*fflpt^^ _b__i^sglir_^fpii__;^^ |^i^^^^^p_ .^;;^ifi^_:p^^__if5^ :::t::—^ ^^�^ ,:^ ^^ :^_^ f;^ i35^ ,3)y^ ?^ i®^ g^^ :¥^ _yp?^__^¥_i!?f^ '^ ?^ i^i|ii^ i^ S^?te_ii^ ^ 
e^; ...pj;:i._®^ S!_^ _^__S^ |^^ ®^ S#^ »£^ ^^ __fjS^ ^^ t^V^ ^^ #^ S 
__.§»itt®__s»^pswii_sf»_a^iite»_^ 
i i l ^ ^ ^ * l i ^ i ! | M 
l i ^ ^ ^ * w l M i * a 
| l » i ® i » i * i i 
| * ^ M _ l i i i i i l B 
^ W 
^ ^ ^ ^ • • W 
V H ^ # ^ > -…mm 
i i ^ ^ ^ f c ^ ^ ^ ^ f c ^ ^ ^ ^ ^ a 
• i S ^ ^ ^ ^ ^ ^ ^ ^ ^ I ^ ^ ^ ^ ^ B 
_韻_感^^ ^^ 龜?緣7^ ^驗^^ 8^魏麵:結礙穿^^ ^^ ^^ %^§^纏_ p f f l ^ ^ ^ ^ * i W ^ ^ S P i * i ^ ^ ^ ^ ^ M fe__s^^^^pi^fs_i^S^^S^ipp^fe_^^^^^^ft_^^st^^M 
雜.一 二: 户為：：1 
� : f p t x ‘ ‘ 〜 才 � iii^^ j , i i ^ ^ ^ ^ i ^ P ^ ^ ^ t e i i i t a ^ ^ ^ ^ i i i S mum^^m&m^^i^Kmmm^m^^0m^m t,—i“ -.,., •'. '^/5 - “ tMeSWSWWbsfSp^fliSfeW#lSHiBiBBft^gasagBiKigi9ftaiSSli^ B^#^WSEMpaSSM^fl _-Uiiiisiaiiigis_,liP*iftttA#i^ agft_K|^ s^ pi^ BBfflafcf5g^ 4i^  _sfli®S®®§|Si®iSSiii®Si®WMiB3fe3i^ W^^ ^^ ®!^ 3i^ H 
_ a a a w ^ ^ t a * ! ^ ^ ^ * ^ ^ iT^ r^itG?^^ '^?^  ^ ¾^^¾ ^ *a^ p^fe®fei^ ®i^ ^^ p^^ ^^ ^^ ^^ t^e|i>^ ^ S,:__®i»®^iK^^W^&»ffi^|^^^^^»^M__ Nr-' - :;-¾->^;^?¾^;.:¾^¾^ .^&^¾-:;¾ ;ft?,”-,?^??^:‘^ t^#lja?feSB^W_rj^ S^^SS5^^^*s^sSTsfc«^^^ !^?^S •麵》^響麵》%»^«_^»^^^^^1»^««»^^^ 
_®f i®RffS i^®I^^^^^^^^M^^^^^^ 
- , • _ ^ '%义”、3 
: » $ C - > ^ 
:r^a.: ^ f e i ' ^ ::� 4 忘：甚场爆：。。V- ^、： - ^ 
_r::::: ::.:%¾¾?¾¾¾^^^^^^^^^^^^^^¾^^¾^¾^¾ 
w . ^ ? E « s a . E i i ^ ^ ^ ^ ^ ^ ^ ^ ® * M * 
!:^—:•，m£i:_LS.;^^^^®i^pai^^ii^^piPi^ r '^  -J-J^  *• ^*^ 4^  f^  二”: ：：.•：-.• /.r-- “ - -:.:T^ -^R-.:v-.-,:i:::.^ ^^ ^^ ^^ ^^ ^^ td^ ^^ f_:;_S5^ i^^ ^^ ;^ fp;3^ ftf.ife^ U^:kai:^^ 
5?.-^-:'.:":¾.^ .^]. «"-• ^ i^ l;^ ^^ ^^ ^B^^ ^M^^ ^®^W^®|SI»?® 
:了二-,.-:_::,..:二:.. .：-： ；•• '%f^.:- . ；•'-. 7;^ j;v'^ --q|l^ ^^ |aLS^ ;^ ^^ ^^ ^^^ 
::f:i^  ..:...-�,-.::�, 二二。.;:./)/、:&，：:.:5:�+ i^ ¾^ ¾^¾^¾^ ¾^¾¾¾^¾;¾^ !^ ¾^ ¾^^ ¾^^ ^^^ 
.,二7-.-:::、.--...:..-.’;-... -.: .. +•;: -: • [ ^ ¾ ^ ¾ ¾ ^ ¾ ¾ ¾ ^ ^ ^ ^ ^ ^ ¾ ^ ¾ ¾ ¾ ¾ ^ ^ 
$:•::: ::;:t::^i__iB^i^^WiiWS^b|eW__;::_ 
:• - : ： : :i ::�:'�8^1^«___糧蒙燃繁;__笼_ 
^ , : 應 《 ^ ^ * 1 » 1 1 » « » 1 ^ 
',• —-- •-'. ..-: .-••：• ;—i:.-Oir:^:iS?^j®i^s3SiS5«;^#^-:-�r?‘"^i—:., .。.：：^乾&^:.::>二,.：.-:£?^-"^?厂:;.：^.广：-?^，-...,:-.-:-贫!| 
sf:,ii?:. ::_^aa^!^3^ffiSMfpiift&_wta_fN^si^ 
m:M..,mm^^^^^m^-^mmmm^ 
^ ^ ^ ^ ^ ^ ^ f c i ; , | 
m m ^ ^ ^ m m ^ ^ ^ ^ 
^^^^^^^^^^^^^^^^^^^K^^^Kt^KK^KK^^KK^Kt^K 
4 2 
If the sharp band appeared at the top of "Peak 1 “ native gel (Band A) was cut 
to treat as first dimension gel and the cut-off was treated with transfer buffer. After 
the second dimension SDS PAGE was done, the result was revealed after silver stain 
(Figure 2.11). It was found that two bands were appeared on the second dimension 
SDS PAGE. One of them had molecular weight of around 150 kDa and the other 
located at the molecular weight of 22 kDa. 
Another two dimensional native-SDS PAGE was performed, the whole lane 
of "Peak 1" native gel was chosen and cut out to perform native-SDS PAGE after 
activity was done. The result of this two-dimensional native-SDS PAGE was shown 
in Figure 2.12. There were spots located at about 22 kDa when stained with 
Coomassie Blue stain. These spots were located at corresponding positions to the 
native stained bands of PPOs in the first dimension. No spots of 22 kDa appeared at 
the corresponding positions where PPOs were absent. 
If "Peak 1" fi:action was subjected to IEF-SDS PAGE, Figure 2.13 showed 
that, two spots of 22kDa were observed after Coomassie Blue staining and their 
isoelectric points were 6.1 and 6.2 respectively. There existed no other spots at 
22kDa besides the two mentioned. 
2.4 Discussion 
The main objective of this part of research project is to study the enzymatic 
suspect causing the enzymatic browning problem of straw mushroom during post 
harvest storage, the PPO. The main concem of this project restricts only to the 
enzymatic browning but not the non-enzymatic cause ofbrowning. 
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Figure 2.11: Two-dimensional native-SDS PAGE of PPO 
present in "Peak 1". 
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"Peak 1" sample was run in 12% native PAGE gel (Figure 2.9), with band A 













































































































































































































































Figure 2.13: Two-dimensional IEF-SDS PAGE of "Peak 1” 
followed by Coomassie Blue staining. 
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"Peak 1" fraction was run with the first dimensional EEF tube gel followed by a 
second dimensional 12% SDS PAGE gel together with markers mentioned in 
section 2.2.3. EEF markers were done on a separate gel together with the sample 
not shown. 
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The first few questions asked were about how much PPO is present in straw 
mushroom and how significant it is. To answer such questions, PPO in straw 
mushroom must be extracted out first. 
Since every enzyme has its optimal pH, the optimal pH of PPO in straw 
mushroom must be investigated first so as to establish a proper extraction and assay 
procedure. Since PPO exhibits activity of catecholase (Lerch, 1995), catechol was 
used as substrate throughout this research. Also, to find out the proper substrate 
concentration for PPO assay, the enzyme kinetics of PPO in straw mushroom using 
catechol as substrate was investigated for reference. 
The optimal pH of PPO in straw mushroom was shown to be pH 7.4. This 
was slightly alkaline than other PPO studied. In Hass avocado, the optimal pH was 
found to be pH 5 (Espin et al, 1997b). While in Burdock (Arctium lappa), the 
optimal pH ofPPO was pH 7 (Lee-Kim et cd, 1995). In sweet pepper seeds, flesh of 
eggplants, immature fruits of Japanese pear and flesh of apple, optimal pH of PPOs 
are pH 7, 6, 4 and 5 respectively. As there existed more than one kind of PPO in a 
single source and different kinds of PPO have different optimal pH, organism thus 
can carry out browning reaction at a wide range of pH. For example, chlorogenate 
oxidase of sweet pepper seeds worked best at pH 4 while epicatechin oxidase from 
the same seeds has optimal pH o f 7 (Tono and Fujita, 1995). 
Result from experiments in section 2.2.1 and 2.2.2 indicated that, straw 
mushroom PPO activity started to increase from pH 6 and rise gradually to the 
optimum pH, but before the optimal pH was reached, PPO activity level off a little 
from pH 6.6 to pH 7.0 and slightly rebounded at pH 7.8 after a fall at pH 7.6. Also, 
as indicated in Figure 2.1, PPO activity of straw mushroom flattened off from pH 8 
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to pH 9. PPO activity of pear and potato even rebound at pH 9. Such results can be 
explained by the variations of PPOs within and among species. So, even by simply 
observing the pH profile of the PPOs, it is reasonable to consider that PPO 
isoenzymes may exist in the sample tested, including the straw mushroom. 
At the optimal pH, PPO activity was assayed using of 1.67mM catechol as 
substrate. The colorimetric method used in this research was also used by most of the 
other researchers and the wavelength used was usually around 420nm (Tono and 
Fujita, 1995). Thus in this research, both the wavelength and the substrate used are 
already widely acceptable. 
PPO may be present as a group of enzymes and each enzyme may has its own 
substrate specificity. The Km found in section 2.2.2 are the overall properties of all 
PPO present in the straw mushroom. As mentioned before, the concentration of 
catechol used in experiment was 1.67mM while Km was found to be 0.173 mM. That 
means the substrate used in PPO assay should saturate the enzyme and this ensures 
that in every reaction mixture prepared for PPO assay, the catechol content was 
always in excess and the PPO activity of enzyme extract was not under-estimated 
since all PPO should be active in the reaction mixture. The finding ofKm in this part 
ofresearch aimed only to find out the suitable substrate concentration for performing 
experiments but not to characterize the catechol affinity of any particular and specific 
PPO protein. 
After a suitable condition for PPO assay was set up and knowing the optimal 
pH of PPO in straw mushroom was known, it comes to the question of amount and 
significance of PPO in straw mushroom. As found in Table 2.1, the protein content 
o f the "Crude Extract" was found to be less than pear but higher than that ofpotato. 
Such result was unexpected and the total protein content of straw mushroom must 
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have been underestimated since protein content of straw mushroom should be about 
25.9% of dry weight (Table 1.2). Thus the protein content in "Crude Extract" of 
straw mushroom was still about 60% lower than it should be. 
However, the situation reversed after ammonium sulfate precipitation was 
done. Protein present in pear and potato showed only a very low recovery after such 
extraction was performed. This may be due to the fact that higher carbohydrates 
content in pear and potato, together with other impurities, may alter the efficiency of 
ammonium sulfate precipitation. 
The low recovery of protein also happened in the case of pear and potato after 
ammonium sulfate precipitation. This was reflected by the specific activity of PPO 
before and after ammonium sulfate precipitation. As 80% ammonium sulfate 
saturation was used in the extraction, theoretically all the proteins present in crude 
extract should be recovered. Ideally, the specific activity should have only a little 
change after the extraction. The specific activity of PPO in straw mushroom was 
maintained in such a way and it can be concluded that the PPO extraction of straw 
mushroom was successful. However, the specific activity of PPO in pear and potato 
increase after the extraction was done, which means that not only the PPO recovery 
was low in these cases, the recovery of protein was even lower. The incomplete 
protein extraction falsely gave a high specific activity. Thus, when comparing 
specific activity o fPPO among straw mushroom, pear and potato, the result revealed 
by the "Cnide Extract" was more reliable. 
As mentioned before, protein content of straw mushjroom was underestimated 
in crude extract, thus it is reasonable to believe that its PPO content was 
underestimated too. Even though these Uvo factors of specific activity were all 
underestimated，specific activity o fPPO in straw mushroom was still higher than that 
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of pear (but less than potato). Together with the data that the total PPO content of 
straw mushroom was also higher than that of pear (but still far less than potato), we 
may consider that PPO in straw mushroom may be more significant than that in pear. 
The difference between straw mushroom and pear may be even larger than what was 
found in this research, since, as mentioned before, the PPO content of straw 
mushroom may be underestimated. 
Since PPO content of straw mushroom is higher than that of pear, it can be 
suggested that, PPO plays a more important role in terms of browning than that it 
plays in pear but less important than that of potato. 
As activity of PPO may be directly attributed to the level of browning of 
produce, it can also be suggested that enzymatic browning occurred in straw 
mushroom is more damaging than that occurred in pear. Thus the approach of this 
project: to study and find the possible means to avoid browning of straw mushroom, 
is worth investigated. 
Besides knowing the amount and significance of PPO in straw mushroom, it 
was interesting to know where the PPO was located. Figure 2.4 and Figure 2.5 
revealed that PPO ofstraw mushroom located mainly at the pileus and the outer layer 
of the fmit body. This agreed with the phenomenon that straw mushroom was always 
darker at the top of the fruiting body. 
After investigating the significance and location o fPPO in straw mushroom, 
the next question is the types of PPO exist in the straw mushroom, that is, is there 
any isoenzyme(s) ofPPO in the straw mushroom? 
Fractions from the gel filtration chromatography revealed that there were, at 
least, 2 major PPO activity peaks. The principle of the gel filtration chromatography 
was to separate the molecules according to their molecular sizes. As the protein is 
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generally globular in shape, its molecular size is directly proportional to its molecular 
weight, the occurrence of the 2 activity peaks implied that there existed at least 2 
PPOs in straw mushroom. Based on the elution volumes o f the protein markers and 
that o f t h e 2 peaks, it was found that one of the PPO is about llOkDa ("Peak 1" 
fraction) while the othre one is about 20kDa ("Peak 2" fraction). 
However, result of the native PAGE revealed that, more than two isoenzymes 
existed in straw mushroom. Activity stain of native PAGE of "Crude Extract" 
revealed 4 bands, PAGE of "Ammonium sulphate fraction" revealed 3 and PAGE of 
"Peak 1 ” revealed 1 plus a large diffused band. 
Results from these three gels indicated that 6 bands of PPO activity were 
detected: 1 band at the top (as indicated in "Peak 1” gel), 3 bands at the middle (as 
indicated in "Ammonium sulphate fraction" gel, the large brown area should be the 
difftised result of the 3 bands) and 2 bands at the bottom (as indicated in "Crude 
Extract" gel) of the native PAGE gel. 
The native PAGE separates proteins according to their charge to mass ratio. 
That means there exist a total of 6 or 6 groups ofPPOs with different charge to mass 
ratio in straw mushroom. These 6 proteins can be classified into 3 groups according 
to their similarities in charge to mass ratio. 
We can consider that all of the 6 proteins are different kinds of PPO, that 
means there may be 6 PPO isoenzymes existed in straw mushroom and the actual 
number may even be more. 
I f w e can figure up the result in a more sophisticated manner, the picture will 
be different. Though the 6 bands found on the activity stained gels were all 
independently having PPO activities, these isoenzymes may have some relationships 
among each other. 
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As revealed from the gel filtration chromatography, there are PPOs of 
llOkDa and 20kDa, the one at the top of native gel may be the llOkDa one while the 
2 at the bottom may be the 20kDa one. 
In figure 2.11, the second dimension SDS PAGE revealed that, apart from a 
band ofhigher molecular weight on top, a smaller protein was appeared in the gel. If 
that smaller protein isn't impurity of similar charge to mass ratio of PPO, we may 
consider that smaller protein was denatured out from the PPO of the high molecular 
weight (about 150kDa). That smaller protein was about 22kDa in molecular weight, 
which is very similar to the small enzyme (2"^ Peak) eluted out from the gel filtration 
chromatography (about 20kDa in molecular weight). We may suggest that the PPO 
present in "Peak 2" was the same as this 22 kDa one. 
Thus it is quite reasonable to consider that a large PPO of straw mushroom 
was made up of several subunits of about 22kDa. Each of the subunits may exhibit 
their own PPO activity. 
Gel filtration chromatography revealed that the large PPO is about llOkDa 
while the smaller one is about 20kDa. If the large PPO is really made up of the 
smaller PPOs, there may be 5 to 6 ofsubunits in one big PPO. 
Figure 2.11 revealed that the PPO band cut from native PAGE was about 
150kDa. If the subunit of this enzyme was 22kDa, then, again, there may also be 
about 6 subunits forming a large PPO. 
Thus, it is quite convincing that the PPO located on the top ofnative gel was 
quite likely to be the PPO in "Peak 1", which molecular weight should be about 110 
to 150kDa. 
In the native PAGE gel followed by activity staining, there appeared 3 bands 
between the top band and the m.o bands at the bottom. If the band at the top was 
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made up of the bands at the bottom, these 3 bands may be the intermediates between 
the large and small PPOs. As mentioned above, the larger PPO may be a hexamer, 
consisting o f 6 smaller subunits, the monomer. These three bands may be the trimers 
o f t h e monomer. This hypothesis may be supported by the two-dimensional native-
SDS PAGE gel (Figure 2.12). Where the bands in the first dimensional gel turned 
brown, there were, accordingly, spots of 22kDa stained on the second dimension 
SDS gel. Such 22kDa spots though may be impurity proteins which co-purify with 
PPO，they are also likely to be subunits of PPO as they appeared only at the place 
where the first gel gave bands, but was absent elsewhere. 
There are 2 small bands, probably the monomer, appeared at the bottom of 
the native gel close to each other with similar charges and molecular weights. Both 
o f them may be the subunits of the larger PPO. Result ofIEF-SDS PAGE shown in 
Figure 2.13 may provide some support to this hypothesis. Since the IEF PAGE used 
in my research is a denaturing system, the PPO protein should be denatured to their 
basic subunits. As shown in the SDS PAGE, there were 2 main spots of the same 
molecular weight (22kDa) stained. Thus it may prove that there were two kinds of 
PPO subunits existed in straw mushroom. Both of them were 22kDa with only a little 
- - . . - , . - . 
difference in their isoelectric points. 
If we designate the two possible different PPO monomers as a and p, there 
may be 4 possible outcomes of trimers, namely, oG, a 2 f l , ^2ocl and g3. As only 3 
kinds of "intermediates" were detected in the native PAGE, an extra one may be 
missing in the staining. Also it may be that the 4 kinds of intermediates could be 
classified into 3 groups of similar charge to mass ratio. It may also be that one of the 
four types was absent in the origin. 
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I f t he large PPO was really a hexamer, there may be 7 possible outcomes of 
combinations, they-are: 0(6, Ci5^l, 0(4^2, 0(333, a2^4, al^5 and g6. However, 
there was only one band of large PPO detected. This may be due to the possibility 
that not all the 7 combinations were present, or when the 7 combinations are having 
the same charge to mass ratio. 
Similar result was observed in other mushroom. In Agaricus bisporus, PPO is 
tetrameric and about 110-120 kDa in molecular weight. This PPO is composed o f 2 
kinds ofsubunits; the larger one is 43-48 kDa and the smaller one is 13.4 kDa. Thus, 
the structure of PPO in Agaricus bisporus is formed by 2 large and 2 small 
monomers yielding an average of 110 kDa enzyme (Wichers et al, 1996). 
Finally, the characteristics of PPO and its isoenzymes tends to be very 
complicated. They are different in pre-harvest and post-harvest stages and vary from 
tissue to tissue, species to species. There are also active and latent form of PPO 
(Flurkey and Ingebrigstsen, 1989), some of them even needed to be cleaved for 
activity (Jimenez and Garcia-Carmona, 1996). 
- - . - - • • - . 
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Chapter 3: Several attempts to solve browning problem of straw mushroom 
3.1 Inhibitors ofPPO in straw mushroom 
3.1.1 Investigation of inhibitors of PPO in straw mushroom 
Among the many existed PPO inhibitors, eleven of them were chosen to 
perform an in vitro test to investigate their inhibitory effect on PPO of straw 
mushroom. 
Ascorbic acid was chosen as the representative of reducing agent, due to its 
popularity as food additive. Diethyldithio-carbamic acid was chosen as the 
representative of quinone couplers O^galani et al, 1993). Although it has little effect 
on PPO, it can prevent o-quinones produced by PPO and polyphenols from further 
polymerization. Kojic acid, tropolone and cinnamic acid were all aromatic 
compounds while kojic acid and tropolone were also copper chelators which can 
alter the active site of PPO (Chen et al, 1991; Kahn, 1995 and Vamos-Vigyazo, 
1995). Sodium metabisulphite was chosen to represent the traditionally used sulfite 
inhibitors, also due to its copper chelating ability (Almedia et al, 1995). Sodium 
flouride, bromide and chloride were representatives ofsodium halides (Kocacaliskan 
过礼 1991). Citric acid and NaEDTA were chosen as copper chelating agents 
(Almedia et al, 1995). 
3.1.1.1 Materials and methods 
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PPO of straw mushrooms was prepared by the method mentioned in chapter 
2. . 
The eleven inhibitor s o l u t i o n s , � ascorbic acid, (2) diethyldithio-carbamic 
acid, (3) kojic acid, (4) t r o p o l o n e , � cinnamic acid, (6) sodium metabisulphite, (7) 
sodium chloride, (8) sodium bromide, (9) sodium flouride, (10) citric acid and (11) 
sodium salt of ethyllenediaminetetraacetic acid (NaEDTA), were prepared with a 
concentration of 150mM. 
Reaction mixture was prepared by mixing phosphate buffer (500 mM, pH 
7.4)，substrate (catechol, 1.67 mM), straw mushroom extract ("Ammonium sulphate 
fraction’，yielded from PPO extraction experiment mentioned in section 2.2.2) and 
inhibitor solution. The final inhibitor concentration in the reaction mixture was 
diluted to either 1 mM or 10 mM with distilled water. The reason ofusing such a low 
concentration is to avoid any over-dose ofinhibitor application. 
PPO assay was done by the same method mentioned in section 2.2.1. The 
effect of inhibitor solution was expressed as "% control". A 0% control allows no 
change in the absorbance at 4 2 0画 o f the reaction mixture thus implies an inhibition 
oflOO%. 
3.1.1.2 Results 
Among the eleven chemicals tested in this experiment, as shown in Table 3.1， 
it was found that ascorbic acid, diethyldithio-carbamic acid, kojic acid, sodium 
metabisulphite and tropolone showed 100% inhibition at both 1 mM and 10 mM. 
Cinnamic acid showed 18% to 64% inhibition and citric acid showed 36% to 79% 
inhibition when concentration used was raised from 1 mM to lOmM. Sodium 
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Table 3.1: Inhibitory effects of different chemicals on PPO in straw 
mushroom. 
Name ofInhibitors Inhibitory effect (% Inhibitory effect (% 
control), lmM control), lOmM 
Ascorbic acid 0 土� 0 ^ 
Sodium metabisulphite 0 士� 0 ^^  
Tropolone 0 士� 0 却 
Diethyldithio-carbamic 0 却 0 却 
acid 
Kojic acid 0 ^^  0 ^^  
Cinnamic acid 82 士�， 36 扣 
Sodium bromide 100 础 77 印 
Sodium flouride 102+i_3 77土^ 
Sodium chloride 114^^ ' 0 ^ � 
Citric acid 64^'^ 21 ^^ "' 
NaEDTA 38^^^ 48 士之‘  
Data of replicated trials of same batch of sample. 
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bromide showed no inhibition if 1 mM was used but gave 23% inhibition if the 
concentration was raised to 10 mM. 
Inhibitory effect ofNaEDTA fell from 62% to 52% while the concentration 
raised from 1 mM to 10 mM. 
Sodium flouride and sodium chloride enhanced the PPO activity ifapplied at 
low concentration (1 mM) but showed a little or complete inhibition if applied at 
higher concentration. 
3.1.2 The potential of using a combination of different PPO inhibitors 
It is reasonable to believe that a combination o fPPO inhibitors can perform 
better than applying a single inhibitor alone (Vamos-Vigyazo, 1995). The doctrine of 
experiments in this section was to find out whether there exists an effective formula 
ofPPO inhibitors for the use in preserving straw mushroom. 
3.1.2.1 Materials and methods 
The enzyme extracts were prepared as described in section 2.2.2. 
Based on the results obtained from the experiments ofsection 3.1.1, ascorbic 
acid and kojic acid were chosen as representatives of strong PPO inhibitor as they 
demonstrated 100% inhibition, even at low concentration (1 mM). Citric acid was 
chosen as representative of weak inhibitor since its inhibitory effect cannot reach 
lOOo/o even at high concentration (10 mM). Sodium chloride was chosen as 
representative of PPO activity stimulator. Another reason of choosing these few 
chemicals but not the others is based on their popularity ofcommon use. 
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The experiment was done as methods used in section 3.1.1. Four chemicals 
mentioned above were applied, and their concentrations in the reaction mixtures 
were 0.1 mM. 
After the inhibitory effects of the four chemicals were determined when 
applied at 0.1 mM, their inhibitory abilities when applied in combinations were 
investigated. The combinations w e r e : � ascorbic acid + citric acid; (2) ascorbic acid 
+ sodium chloride; (3) ascorbic acid + sodium chloride + citric acid; (4) kojic acid + 
citric acid; (5) kojic acid + sodium chloride and (6) kojic acid + sodium chloride + 
citric acid. 
3.1.2.2 Results 
When applied alone (Table 3.2), 0.1 mM of citric acid, ascorbic acid and 
kojic acid gave 2.9%，4.5o/o and 31% inhibition, respectively. Sodium chloride, 
O.lmM，gave stimulation effect ofabout 6.1%. 
Inhibitory effect of ascorbic acid was slightly lowered from 4.5% to 2% if 
citric acid was applied at the same time. Applying ascorbic acid and sodium chloride 
together could slightly raise the inhibitory ability of ascorbic acid from 4.5% to 
12.7%. If ascorbic acid, citric acid and sodium chloride were all applied, the result 
was the same as applying ascorbic acid and sodium chloride together. 
Inhibitory effect of kojic acid was lowered from 31% to 35% and 28% if 
citric acid and sodium chloride were added together, respectively. Application of 
citric acid and sodium chloride together with kojic acid could, however, raised 
inhibition ability up to 42%. 
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Table 3.2: Inhibitory effects of various combinations of different 
PPO inhibitors. 
Name of inhibitors (0.1 mM) % control  
Sodium chloride 104遍 
Citric acid 97.1^ -^^  
Ascorbic acid 95.5^ '^^  
Kojic acid 69+G-3 
Ascorbic acid + Citric acid 98+i 
Ascorbic acid + Sodium chloride 87.3奶 
Ascorbic acid + Citric acid + sodium chloride 87.3^.5 
Kojic acid + Citric acid 65^ '^^  
Kojic acid + Sodium chloride 12舶 
Kojic acid + Citric acid + Sodium chloride 58土0  







3.1.3 Direct application ofPPO inhibitors 
As was shown in Figure 2.4 and 2.5, the PPO ofstraw ^ s h r o o m was located 
mainly at the outer layer and pileus of the fmit body. Thus it is reasonable to believe 
that the application ofPPO inhibitors found in section 3.1.1 and 3.1.2 could be done 
effectively by simple dipping. 
3.1.3.1 Materials and methods 
Fresh straw mushrooms were bought from the local market. Those appeared 
intact with light coloration, were used as sample. 
Straw mushrooms were divided into six groups, 100g each. These six groups 
were labeled a s : � air control; (2) water control; (3) so—m metabisulphite, 1 mM; 
(4) tropolone, 1 mM; (5) kojic acid, 1 mM and (6) diethyldithio-carbamic acid, 1 
mM. . Straw mushrooms were immersed with the solutions according to their labels. 
Distilled water was used for the "water control" group. The group labeled as "air 
control" was left untouched. They were left under ambient condition during the 
course ofthe experiment. Photographs were taken each day for recording. 
The experiments in section 3.1.2 revealed that, some combinations o f P P O 
inhibitors, when applied together, can give better results than when applying alone. 
According to table 3.2, L-ascorbic acid and sodium chloride, both are commonly 
food additives, were having their inhibitory ability increased when applied together. 
These were combined to use also in an in vivo dipping test. Straw mushrooms were 
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bought and prepared as before, and were divided into 5 groups and labeled as: (1) air 
control, (2) water control，(3) L-ascorbic acid, 2 mM; (4) s o d i ^ chloride，2 mM and 
(5) L-ascorbic acid, 2 mM + sodium chloride, 2 mM. Straw mushrooms were 
immersed with the solutions as they were labeled. Distilled water was used as the 
immersion solution for the "water control" group and those labeled as "air control" 
were left untouched. They were then left under ambient condition during the course 
ofexperiment. Photographs were taken each on day for recording. 
3.1.3.2 Results 
Figure 3.1 to Figure 3.6 ahowed that, all straw mushrooms under different 
treatments started to tum brown after 2 to 3 days ofstorage. When the storage period 
reached 1 week, all the straw mushrooms suffered severe browning. 
Figure 3.7 to Figure 3.11 revealed that, even when the straw ^ s h r o o m s were 
dipped by a combination ofPPO inhibitors, they have still tumed brown after 2 to 3 
days of storage. 
It can be noticed that the "Air control" group gave the best result among all 
treatments, while the worst situation has occurred in the treatment group of 
tropolone. 
3.1.4 PPO and lipase activities in straw mushroom during post harvest storage 
As it was found in section 3.1.3, shelflife ofstraw mushroom was less than 3 
days and the browning process of straw mushroom increased drastically after the 
mushrooms were stored for about 3 to 4 days. Thus, this part ofresearch was done to 
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Figure 3.7: The change of surface color of straw mushroom during 
post-harvest storage: Air control of combined inhibitor experiment. 
• 
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Figure 3.4: The change of surface color of straw mushroom during 
post-harvest storage: Tropolone t r e a t m e n t . 
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Figure 3.7: The change of surface color of straw mushroom during 
post-harvest storage: Air control of c o m b i n e d inhibitor experiment. 
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Sodium metabisulphite, lmM: a) Day 0; b) Day 1; c) Day 2; d) Day 3; e) Day 4. 
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Figure 3.4: The change of surface color of straw mushroom during 
post-harvest storage: Tropolone treatment. 
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Figure 3.7: The change of surface color of straw mushroom during 
post-harvest storage: Air control of combined inhibitor experiment. 
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Figure 3.7: The change of surface color of straw mushroom during 
post-harvest storage: Air control of combined i n h i b i t o r experiment. 
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Diethyldithio-carbamic acid, lmM: a) Day 0; b) Day 1; c) Day 2; d) Day 3; e) Day 4. 
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Figure 3.7: The change of surface color of straw mushroom during 
post-harvest storage: Air control of combined inhibitor experiment. 
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Figure 3.8: The change of surface color of straw mushroom during 
post-harvest storage: Water control of combined inhibitor 
experiment. 
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Figure 3.9: The change of surface color of straw mushroom during 
post-harvest storage: L-ascorbic acid treatment of combined 
inhibitor experiment. 
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L-ascorbic acid, 2mM: a) Day 0; b) Day 1; c) Day 2; d) Day 3; e) Day 4. 
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Figure 3.10: The change of surface color of straw mushroom during 
post-harvest storage: Sodium chloride treatment of combined 
inhibitor experiment. 
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Sodium chloride, 2mM: a) Day 0; b) Day 1; c) Day 2; d) Day 3; e) Day 4. 
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Figure 3.11: The change of surface color of straw mushroom during 
post-harvest storage: L-ascorbic acid + sodium chloride treatment of 
combined inhibitor experiment. |^ C^T"W^  ^ _ 
^ ^ ^ ^ ^ ^ t e ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 
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^ . i s J L-ascorbic acid, 2mM + Sodium chloride, 2mM: a) Day 0; b) Day 1; c) Day 2; d) Day 3; e) D y 4. 73 
fmd ifthere is anything happened at day 2 or day 3 during post harvest storage, such 
as a sudden increase in PPO activity, which led to such a delay ofcolor change after 
harvest. 
Also as found in section 3.1.3, apart from browning, straw mushroom suffers 
autolysis problem. It is reasonable to believe that autolysis is, to a certain extend, 
related to the break down of cell membrane. Therefore, lipase activity in straw 
mushroom during storage was also investigated. 
3.1.4.1 Materials and methods 
Fresh straw mushrooms were bought from the local market. Only those at the 
bud stage with light color were used in the experiment. Three groups of straw 
mushrooms, 100g each, were weighted and labeled as "Day 0", "Day 2" and "Day 4". 
Then, at the corresponding day, as according to the label, straw mushroom 
was homogenized with extraction buffer (500 mM phosphate buffer, pH 7.4) and the 
same extraction procedure ofsection 2.2.2 was followed. 
For assessment of PPO activity, the colorimetrical method mentioned in 
- - . — , • • . — 
chapter 2 was used. 
A lipase assay kit (Sigma: 805-A) was used to determine lipase activity in 
straw mushroom extracts. 1,2-diglyceride was used as substrate of lipase in this 
assay. After series of reactions, quinone dimine dye was produced and can be 
measured in 550nm. 
Protein contents of enzyme extracts were determined according to the BCA 
method mentioned in section 2.2.1. 
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3.1.4.2 Results 
PPO content of straw mushroom during storage was shown in Figure 3.12. 
Lipase content ofstraw mushroom during storage was shown in Figure 3.13. 
It was found that the activities ofboth PPO and lipase decreased during storage. 
PPO content decreased more drastically than that oflipase. 
3.2 Vacuum packaging 
Among the many physical methods available to prolong shelf-life of food, 
only few are suitable to use in preserving raw and fresh straw mushroom. Those 
. methods involving the radiation and heat may destroy the flavor of straw mushroom, 
as most flavor in straw mushroom are volatile compounds such as l-octen-3-ol (Mau 
过 al, 1997). Physical treatments which may lead to the lost ofmoisture are also not 
suitable. Thus, our choice seemed limited to the modified atmospheric packaging and 
vacuum treatment. Due to the limitation ofthe laboratory facilities and time, only the 
ability of vacuum treatment in prolonging shelf-life of straw mushroom was 
- - • - . - - . 一 
investigated. 
3.2.1 Materials and methods 
Straw mushrooms were prepared as described in section 3.1.3. Such 
mushrooms were cut into 4 pieces. The mushroom pieces were put into three 125 ml 
conical flasks. One of them was evacuated to induce a vacuum condition. To serve as 


































































































































































































































































































































































and the final one was covered by a piece of cotton to simulate a close environment. 
The flasks were place in room temperature. Photographs were taken each day as 
record. 
3.2.2 Results 
Result was shown in figure 3.14 to 3.16. Under vacuum environment, the 
sliced straw mushroom began to lyse from the second day ofstorage. After 1 week of 
storage, the sliced straw mushrooms in open air and close environment suffered 
severe browning but little lysing. Those in vacuum environment showed no 
browning but the lysing problem was the worst among all treatments. 
3.4 Discussion 
The main objective ofthe experiments in this chapter was to find methods to 
solve the browning problem of straw mushroom. 
Ascorbic acid, sodium metabisulphite, tropolone, kojic acid and diethyldithio-
• - - ' . - � ~ 
carbamic acid were proved to be effective in inhibiting PPO straw mushroom. 
Cinnamic acid, Citric acid, sodium bromide and NaEDTA were also inhibitors but 
their inhibitory ability were not very strong. Generally, the inhibiting effect was 
directly proportional to the concentration used, except in the case of NaEDTA. 
Sodium flouride and sodium chloride were PPO activity stimulators when the 
concentration used was low, but both of them showed inhibitory ability when applied 
in a higher concentration. The most extreme case was observed when the sodium 















































































































































































































































































































































but showed 100% inhibition when applied in high concentration. The occurrence 
of PPO stimulator was not an unusual finding. Similar cases have been reported in 
the review of Vamos-Vigyazo, 1995. Inhibitors like cinnamic acid, sodium bromide 
and citric acid had their inhibitory effect increased when the concentration applied 
was raised from 1 mM to 10 mM, however, their levels of inhibitions were different. 
Inhibitory effect of citric acid increased 2 folds while cinnamic acid increased 3.5 
folds. These differences may occur if these two inhibitors are functioned by different 
mechanisms. In conclusion, aromatic compounds (tropolone and kojic acid) and 
reducing agents (ascorbic acid and sodium metabisulphite) seemed to be the most 
powerful kinds of inhibitors ofPPO in straw mushroom. 
The result shown in Table 3.2 revealed that, the combination of inhibitors 
could give more promising result than applying a single inhibitor, as inhibitory effect 
of ascorbic acid had been boosted up by the addition of citric acid. 
Sodium chloride, by itself was a PPO activity stimulator under low 
concentration, however, it can increase the inhibitory effect ofkoj ic acid and that of 
the mixture of kojic acid and citric acid. On the other hand, sodium had lowered the 
inhibitory ability of the strong inhibitor, ascorbic acid. 
-•• - . _ 气 _ 
This result agreed well with the work of others (Almedia and Nogueira, 
1995). In their work, the addition of ascorbic acid with NaEDTA had yielded a final 
lower inhibitory effect than applying each inhibitor alone. In our case, the weak 
inhibitor was citric acid instead ofNaEDTA. 
The mechanism of the change in inhibitory effect was unknown, especially 
when the inhibitory effect has decreased when two inhibitors were combined (in our 
case the combination of ascorbic acid with citric acid suffered such a decrease). Also, 
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when the components were combined with different percentages, the final inhibitory 
effect can be very different (Choi et al, 1997). 
After PPO inhibitors were found, dipping experiments were performed to test 
solving the browning problem. However, these experiments failed to prolong the 
shelf-life of straw mushroom. Such failure may be due to the inaccessibility of the 
inhibitors to the PPO in firuit body of the straw mushroom. However, as shown in 
Figure 2.4 and 2.5, straw mushroom PPO just located at the top and outer layer of the 
fruit body, thus this barrier can somehow be overcome in the future, like, pressure 
infiltration can be used instead of simple dipping. 
As it was noticed that, the result of air control group gave the best 
preservation. The humidity factor is one major difference between the air control and 
the others. The failure of preservation may be caused by a high relative humidity 
(RH) since it is well known that the deterioration of straw mushroom will be 
accelerated under humid condition. Thus the application of PPO inhibitors by 
dipping may not be a suitable way to solve browning of straw mushroom. 
In addition, relative humidity can be a key factor gives rise to browning. 
Enzymatic browning was reported to occur at high RH but not low RH environment 
- … - 气 -
(Landrigan et al, 1996). 
Besides, since the browning level of straw mushroom increased drastically at 
day 2 of storage, it is reasonable to believe that PPO level of straw mushroom rises at 
the first two days of storage. Also, as straw mushroom suffers autolysis during 
storage, and such lysis occurs also from day 2 of storage, lipase activity of straw 
mushroom under storage was also detected. 
The result of PPO activity in straw mushroom under storage was unexpected. 
The result in section 3.1.4 revealed that, the PPO content instead of increasing, 
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decreased drastically at the first 2 days of storage, then level off. Two hypotheses can 
be made to explain this finding. The first hypothesis is that, the browning 
phenomenon is a result of accumulating pigments. Since the role PPO played is to 
oxidize polyphenols into o-quinone, which is actually colorless, the o-quinone 
produced may not polymerize into brown pigments immediately but was transformed 
or transported into something or somewhere else. This might explain the cause of 
delay ofbrowning phenomenon. However, the standpoint of this hypothesis was not 
strong. In addition, as the polymerization of o-quinone is non-enzymatic, once they 
are produced, they will probably come into contact and polymerize. Therefore this 
hypothesis seems not convincing. 
Taking into consideration of the lipase activity during post harvest storage, 
the picture may be clearer and a second hypothesis can be considered. Lipase activity 
though decreased during storage, the manner of such decrease was not drastic. That 
means activity oflipase in straw mushroom was somehow maintained in the first two 
to four days of storage. Since lipase can degrade the cell membranes of straw 
mushroom, and cell membranes are the main compartments o f the cell. Thus the cell 
compartments of straw mushroom are being damaged at the first 2 days of storage. It 
- . … ) -
can also explain the cause of autolysis happened in the straw mushroom. 
The second hypothesis is made based on the assumption that the intracellular 
compartments of cells gradually disappeared in the first two to four days. For 
browning reaction to occur, the PPO must be mixed with the polyphenols first. The 
PPO and polyphenols may be located at different compartments within the cell. I f the 
fruit body remains intact, such compartments will maintain until the stage when the 
cap of the fruit body opens. Browning will not occur if the fruit body of straw 
mushroom is not harvested. However, when harvest, the intracellular compartments 
84 
disappeared and the PPO will then encounter its substrates, the polyphenols, thus 
giving rise to the browning phenomenon. 
This hypothesis may somehow explain the reason why the straw mushroom 
fruit body does not tum brown when the PPO level is high but tums brown when the 
PPO level is low and give the phenomenon that browning effect takes 2 days to be 
observed. Although the browning reaction carries out at the time of harvest, it can 
reach its fastest rate only until the second day, when much of the intracellular 
compartments have been degraded by continuous function oflipase. 
Thus besides of the factor of relative humidity, the possible reason of the 
failure o f the dipping experiment may be due to that, enzymatic browning plays only 
a limited role in the deterioration of straw mushroom. Since at the day when 
browning occurred, PPO content in straw mushroom dropped to a very low level. 
However, this suggestion should not be true because there existed a fact that, straw 
mushroom doesn't tum brown after cooked. Thus the cause of browning occurred in 
straw mushroom should be enzymatic. The most we can say is that PPO may not be 
the major enzyme involved in enzymatic browning of straw mushroom; but still, the 
possible damaging effect ofPPO in straw mushroom should not be underestimated. 
--.-…）-
The vacuum treatment described in section 3.2 showed that browning was 
prevented under vacuum condition (Figure 3.16). However, as revealed in Figure 
3.14 to 3.16, autolysis problem of sliced straw mushrooms under vacuum condition 
was most severe among all treatments. In the second day of storage, when the straw 
mushroom under open and close environments had just begun to lyse, the lysing 
problem for those straw mushrooms under vacuum condition had already become 
very severe. 
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The negative pressure generated in the flask, during the preparation of the 
vacuum condition, may have damaged the structure of the straw mushroom slices in 
the experiment thus increased the rate of autolysis. Though the shelf-life of straw 
mushroom cannot be prolonged, result of this experiment implied that insteat of 
vacuum packaging, modified atmospheric packaging may be useful in prolonging 
shelf life of straw mushroom. 
一- ) -
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Chapter 4 Future Work 
4.1 Suggested improvement of experiments 
In this project, the extraction o fPPO &om the straw mushroom was done by 
the ammonium sulfate fractionation technique. Some evidences have showed that 
this method, though widely adopted, might not be an ideal method for PPO 
extraction. The use of butanol treatment followed by phenyl sepharose CL-4B 
chromatography was shown to be an alternative method (Chen et al, 1997). 
However, if the enzyme extracts were needed to be stored for a long period, 
ammonium sulfate precipitation will still be a good choice. It has been reported that 
PPO from apple, ifdenatured by the application of ammonium sulfate, was resistance 
to the activity of proteases (Stephane et al, 1998). 
It has been reported that if detergent was added during PPO extraction, the 
level of enzyme activity increased (Rodriquez and Flurkey, 1992). This suggested 
that PPO might be a membrane bound enzyme. So, detergents such as Triton X-114 
(Espin et al, 1997a) could be added during PPO extraction in future experiments. 
• 、 • 
However, it was still unsure that whether PPO of straw mushroom was membrane 
bound. 
Polyvinyl pyrolidone phosphate (PVPP) is commonly used to absorb 
endogenous polyphenols during homogenization of plant materials (Burton and 
Kirchmann, 1997). It had been tried in this research. However a floating scum was 
formed after the enzyme extract was precipitated with ammonium sulfate and 
dialysed. This caused handling problems during experiment, thus the application of 
PVPP during enzyme extraction was not suggested. 
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The method of activity staining used in this project was simple in procedures 
but difficult to obtain good results. Satisfactory results can only be obtained by 
careful monitoring and recording the color changes of the native gel. 
Due to the limitation of facilities, only vacuum treatment was carried out in 
this project. Storage ofstraw mushroom under controlled atmospheric conditions (by 
application of carbon dioxide or nitrogen gas to maintain air pressure) is another 
approach worth trying. 
4.2 Suggested experiment in future: application of calcium chloride 
Generally speaking, people would employ post-harvest practices to increase 
the shelf-life ofproduce. Such practices include treatments with browning inhibitors, 
physical treatments etc. Recently, a method which can be carried out in both pre-
harvest and post-harvest periods has been developed (Beelman et al, 1992, Tomas-
Barberan et al, 1997 Tzoutzoukou et al, 1997, and Whitaker et al, 1996). This 
method has a great potential to solve the browning problem suffered by straw 
mushroom, thus it is suggested to be done in future. To introduce that method, some 
• ) 一 
background relationship between harvesting and browning should be reviewed first. 
Produce turns brown after harvested. If the plant or fungi produce is not 
harvested, such severe discoloration usually will not occur. It implies that something 
must have happened after harvest, and such things will not be triggered if the plant 
remains on soil. 
If we treat the practice of harvesting as wounding in the view of the plant 
itself, then, generally, the plant will induce the production of phenylalanine 
anunonia-lyase (PAL). This is to increase the rate of phenolic metabolism in the 
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tissue so as to produce more phenolic compounds to fight against pathogens at the 
wounded site (Tomas-Barberan et al, 1997). 
Phenolic compounds synthesised will then be oxidised into o-quinone with 
the aid of PPO, then, those o-quinone will polymerise chemically to give melanin 
which is brown in colour. This brown colour, if accumulated, will tum produce 
brown and thus give the phenomenon ofbrowning. 
Normally, the phenolic compounds synthesised will be stored inside vacuoles 
and isolated from the majority of PPO (Kukuta et al, 1998). This is why browning 
seems not to occur in non-harvested produce. However, since harvested plant is 
isolated from its source ofnutrition and may be due to mishandling ofproduce, those 
cellular compartmentations surrounding phenolic compounds will be lost sooner or 
later during storage. That means the barrier between PPO and the phenolic 
compounds are lost and enzymatic browning can thus occur at high rate. Thus 
browning occurrs quickly only after harvesting. 
To conclude, there are some physiological and biochemical changes which 
will bring the produce from suffering wounding (harvesting) to browning. If we treat 
each of the changes as one criterion for enzymatic browning to occur, then these 
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criteria are: (1) increased PAL activity or production induced by wounding; (2) 
increased rate of phenolic metabolism by PAL activity; (3) increased phenolic 
compound concentration as a result of the increase of phenolic metabolism; (4) 
decreased membrane integrity so as to allow PPO mixing with phenolic substrates 
and (5) increased activity ofPPO. 
Thus, if we can interfere the above steps, that means: (1) decrease PAL 
production or activity; (2) decrease the production of phenolic compounds; (3) 
increase the membrane or even cell wall integrity so as to avoid PPO mixing with 
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substrates and (4) completely inhibit the activity o fPPO, the enzymatic browning of 
produce could be reduced. 
Nearly all of the post-harvest practices concerning enzymatic browning are 
focused on the activity of PPO, which means that only the last interference method 
out o f the four has been intensively considered in the past. 
However, the practice introduced here has its mechanism based on a much 
diverse approach. That practice is the pre-harvest or post-harvest application of 
calcium chloride. 
Shelf life of button mushroom, lettuce, apple and apricot fruit can be 
prolonged with the browning phenomenon controlled if calcium chloride was applied 
to the sample (Beelman et al, 1992; Tomas-Barberan et al, 1997; Tzoutzoukou and 
Bouranis, 1997 and Whitaker et al, 1996). The application methods varied from 
different researches. But generally, calcium chloride can be applied by pressure 
infiltration (into apples), dipping (with lettuce) and spraying or irrigating pre-
harvestly (apricot fruit and mushroom respectively) (Beelman et al, 1992; Tomas-
Barberan et al, 1997; Tzoutzoukou and Bouranis, 1997 and Whitaker et al, 1996). 
Lettuce head slices usually had their PAL activity and phenolics 
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concentration come to a highest point after being stored for about 2-3 days, a 
research was done to see the effect of dipping lettuce slices with calcium chloride 
solution on their PAL activity, phenolic compound concentration and composition 
(Tomas-Barberan et aI, 1997). It was found that, if compared to the result of the 
control lettuce slices which were dipped by distilled water only, though calcium 
chloride can reduce the PAL activity in sample by 60%, only 25% of phenolic 
concentrations are lower than control. Besides, HPLC results have shown that, all the 
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major phenolic compounds contributing to browning were still present in calcium 
chloride treated lettuce head. 
So, calcium chloride, which can inhibit the activity ofPAL, cannot reduce the 
production of phenolic compounds much. Thus its working mechanism may be 
aimed at maintaining or even increasing the membrane integrity, or, just like 
traditional browning inhibitors, lowering the activity ofPPO. 
If calcium chloride was pressure infiltrated into apple tissue, the steryl 
glycosides, monogalactosyldiacylglycerol and digalactosyldiacylglycerol 
concentrations were positively correlated to the concentration of infiltrated calcium 
chloride solution. Also found was a large, transient increase in acylated steryl 
concentration occurred in calcium chloride infiltrated apples but not in control apples 
(Picchioni et al, 1995). Evidences showed that calcium chloride infiltration can delay 
lipid breakdown and increase the rate of sterol conjugation. Since cell membranes are 
made up mainly by lipid, calcium chloride can help to maintain the membrane 
integrity. Calcium chloride thus can positively affect the membrane organisation of 
harvested apples. 
Since calcium chloride can maintain the integrity of the cell membrane, the 
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phenolic compounds are thus separated from the PPO. Enzymatic browning is then 
inhibited. 
An experiment using button mushroom, Agaricus bisporus was done to 
investigate whether addition of calcium chloride to irrigating water can prolong 
mushroom shelf life by inhibiting browning (Beeknan and Miklus, 1996). Results 
showed that calcium chloride treated mushrooms had better initial colour at harvest 
and the browning situation was far acceptable than those mushroom irrigated by 
water containing no calcium chloride. Also found was that calcium chloride had no 
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effect on copper accumulation of mushroom, but the calcium content inside 
mushroom body was boosted up if calcium chloride was used in irrigation. 
The quaternary structure of button mushroom PPO is mainly maintained by 
calcium helping the aggregation of the 4 subunits of this enzyme. The abnormally 
high content of calcium in the mushroom body thus may denature the enzyme and 
make it malfunction. Also, as other works showed that mushroom PPO used to have 
one calcium per copper in ratio, the high level of calcium in the mushroom may even 
damage the PPO active site since, as mentioned before, there exists two copper in the 
PPO active site. 
Calcium chloride, not only can inhibit browning, but also improve food 
quality and prolong the overall shelf life of produce. The ability of pre-harvest 
treatment of calcium chloride to increase the calcium content and to improve the 
initial colour has been mentioned before. Calcium chloride can maintain or even 
improve firmness of produce. If apricot fruit was sprayed before harvest with 
calcium chloride, the fruit firmness could be improved throughout the fruit 
development and gave apricot fruit a better firmness than control group at harvest 
(Tzoutzoukou and Bouranis, 1997). Also, calcium treated apricot fruit has their 
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firmness maintained quite well if compared to the control fruit. The fact was due to 
that calcium chloride is closely related to the cell wall synthesis and high level of 
calcium content can ensure the maintenance ofwall integrity. 
Furthermore, the same apricot fruit research (Tzoutzoukou and Bouranis, 
1997) found that the respiration rate and the ethylene production rate of calcium 
treated fruit is far less than the control fruit during storage. Besides, since ethylene 
level was shown to be directly proportional to PAL activities (Martinez-Telly and 
Lafuente, 1997), and since calcium chloride can lower the PAL activity level, the 
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final ethylene level of stored produce should be lowered by calcium chloride 
application, thus it can be stored for an overall longer period. 
會 
In conclusion, calcium chloride can decrease the PAL activity of harvested 
produce, decrease phenolic concentration (though a little), maintain produce cell 
juvenility and improve food quality, which traditional browning inhibitors cannot. 
As was described in section 3.1.4, the stability of lipase content in straw 
mushroom under post-harvest storage may be more related to the "delay" of 
browning ofsuch produce than that ofPPO. Apparently, the PPO of straw mushroom 
localised at different places fi:om their polyphenolic substrates. Thus because of the 
pre-harvest application of calcium chloride could maintain the compartments 
between the PPO and polyphenpols of button mushroom and lower the level of 
browning; this practice is worth attempting in the future to prolong the shelf-life of 
straw mushroom. 
• - - , , ^ _ 
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Chapter 5: Conclusion 
The cause of browning in straw mushroom is believed to be enzymatic. 
Polyphenol oxidase (PPO) is the enzyme responsible for this process. 
Characterization of PPO in straw mushroom was carried out. PPO has an optimum 
pH at 7.4. It locates mainly at the outer layer and pileus offruit body. 
Six PPO isoenzymes were found in the fruit body of straw mushroom. 
Experimental results suggested that these isoenzymes may be structurally related. 
The largest form of PPO isoenzyme was about 150kDa and may be consisted of six 
subunits. Each of the subunits showed PPO activity and was about 22kDa in 
molecular weight with different pI (6.1 and 6.2). 
Ascorbic acid, diethyldithio-carbamic acid, kojic acid, sodium metabisulfite, 
tropolone and cinnamic acid were found to be effective inhibitors of PPO in straw 
mushroom. Cinnamic acid and citric acid were not as effective as the above five but 
their inhibitory ability was directly proportional to their concentration applied. 
NaEDTA had its inhibitory effect inversely proportional to its concentration while 
sodium halides were not effective inhibitors ofPPO in straw mushroom except high 
… - … - . ¾ — 
concentration of NaCl. NaF and NaCl even stimulated PPO activity under low 
concentration. 
Kojic acid was found to be more effective than ascorbic acid in inhibiting 
PPO of straw mushroom. Citric acid lowered the inhibitory effect of ascorbic acid 
but enhanced that ofkojic acid. NaCl enhanced inhibitory effect of ascorbic acid but 
decreased that of kojic acid. Citric acid together with NaCl could enhance the 
inhibitory effects of both ascorbic acid and kojic acid. However, application of the 
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above inhibitors or their combinations in dipping experiments failed to prolong the 
shelf-life of straw mushroom. 
PPO activity in straw mushroom fruit body was found decreased drastically 
in the first two days of storage followed by a constant level and lipase activity of 
straw mushroom gradually decreased in the first four days of storage. Understanding 
the biochemical and physiological changes of straw mushroom is important for the 
development of storage method for this produce. 
In this research, various post harvest treatments did not seem to satisfactorily 
prolong the shelf-life of straw mushroom. Other approach such as pre-harvest 
treatment including application of CaCl2 during irrigation is suggested as future 
experiment. 
- , _ i . • 
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